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1.5-20 L/min. With the ultrasound transducer placed at an angle to maximize
the extension of the FC alias extension towards the transducer and by using
high aliasing velocities so as to mandate correcting for an inlet constraining
angle related to leaflet configuration, but not for chamber wall constraint,
the correlation for predicting flow was r = 0.97 over flows from 2-12 L/min.
The required inlet angle correction could be verified from the relationship
of the FC results with the prolapse anatomy and the actual flows but was
not required when the flow rate was high enough to be measured outside,
or proximal to, the inlet funnel; at which time no correction was necessary.
Our studies provide rational and easily implemented approaches useful in
adapting the FC method to prolapsed or flail leaflet geometries.
PISA formula for calculating 0 across a valve should be different from that
for a planar model. We evaluated variations of PISA formula in a planar model
and two convex-shaped models. Methods: Three circular orifice diameters
(0 = 5.2,8,12 mm) on hemispherical bails (diameter, D = 38 and 58 mm)
and one planar model were studied in a constant flow system (Fig. 1). The
radii (A and BI of PISA were measured in axial and transverse views. Flow ve-
locity and actual 0 across orifices were varied from 0.3-7.7 mls and 0.9-8.6
IImin, respectively. Results: 1) BIA ratios were dependent on actual 0 and
orifice sizes. 21 BIA ratios were significantly larger for convex models than
for a planar model at actual 0 below 511min (p < 0.001) (Fig.2 shows data for
orifice 0 = 8 mm at aliasing velocity between 15 and 30 cm/s). 311n a convex
model (D = 38 mm). BIA ratios for orifices 0 = 5.2,8,12 mm at actual 0 =
1.5 IImin were 1.35 ± 0.07, 1.62 ± 0.07 and 1.85 ± 0.08, respectively (p <
0.001). The D = 58 mm convex model demonstrated similar results. Conclu-
sion: The shape of PISA for a convex surface is less hemispherical than for
a planar surface. Decreased axial radius is partially compensated for by in-
creased transverse radius. Since precise orifice geometry is often unknown
clinically, measurement of both PISA axial and transverse radii is important
to minimize under-estimation of regurgitant or stenotic flow.
11020-61 Delineation of Three-Dimensional Geometry of
Intracardiac Blood Flow Jets and Proximal Flow
Convergence Regions in Patients with Flow
Abnormalities by Volume-Rendered
Three-Dimensional Echocardiography via
Transthoracic Imaging
Ouantitation of the severity of mitral regurgitation (MR) is complicated by
changes in loading conditions that occur either spontaneously or as a re-
sult of therapy. Effective regurgitant orifice area has been proposed as a
more fundamental measure of the severity of MR than regurgitant volume.
To test the hypothesis that regurgitant orifice area is less dependent on load-
ing conditions than regurgitant volume, we studied the effects of afterload
reduction with nitroprusside infusion on regurgitant orifice area and regur-
gitant volume by quantitative Doppler in 12 patients (age 34 to 77 years)
with moderate or severe MR. Etiology of MR was dilated cardiomyopathy in
2, mitral valve prolapse in 7, infective endocarditis in 1, and rheumatic mi-
tral valve disease (without stenosis) in 2. Regurgitant volume was calculated
from the stroke volumes (area times velocity-time integral) in the left ventric-
ular outflow tract and mitral annulus. Regurgitant orifice area was calculated
as regurgitant volume divided by the velocity-time integral of the MR con-
tinuous wave Doppler envelope. MR could not be quantitated in 2 patients
with prolapse and markedly eccentric jets due to inadequate alignment of the
continuous wave Doppler beam. In the remaining 10 patients, nitroprusside
decreased mean regurgitant volume significantly from 138 ± 82 to 116 ± 71
ml (p = 0.0017). while mean regurgitant orifice area remained unchanged
(1.1 ± 0.7 vs 1.1 ± 0.7 cm2, p =' 0.64). Thus in patients with mitral regur-
gitation, effective regurgitant orifice area is less afterload dependent than
Alain Delabays, Lissa Sugeng, Oi-Ling Cao, Gerald Marx, Mani Vannan,
Steven Schwartz, Tsui-Lieh Hsu, Shuenn-Jiin Ho, Chen-Huan Chen,
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Volume-rendered three-dimensional echocardiography(3DE) has the capabil-
ity of not only displaying cardiac structures but also has the potential to depict
intracardiac flow jets in a dynamic mode. In this study, we explored the abil-
ity of 3DE to provide new information on intracardiac flow disturbances not
available from 2D color Doppler. Sequential 2DE images with color Doppler
information were acquired using a calibrated rotational scanning method by
a transthoracic approach in 34 pts (29 adults and 5 children) with a variety
of cardiac disorders. Using a computerized motor coupled to conventional
transducers (2 MHz to 5 MHz), 2DE images were collected every 2 degrees
over a span of 180 degrees along with ECG and respiratory gating. After dig-
ital reformatting, thresholding and adequate segmentation, intracardiac flow
jets could be seen in every desired 3DE projection. Flow jet reconstruction
was possible in all but 1 pt, yielding a total of 34 jets for review (23 regurgitant
jets, 9 stenotic jets and 2 shunts). Central flow jets (n ~ 24) were the easiest
to reconstruct and display in a dynamic 3DE mode, providing an immediate
appreciation oftheir exact shape and spatial extension. Eccentric jets (n = 10)
with only partial contact with cavity walls could be reconstructed but required
more careful segmentation. However, when the flow jet was in direct con-
tact and alignment with a wall, it was difficult to clearly discriminate the flow
data from the tissue signals. When mental 3D appraisal of flow jets (based
on combining various 2D color Doppler views) was compared to actual 3DE
display of flow jets, there was concordance in all instances of central jets, but
when a jet was eccentric, 3DE yielded an easier and frequently different dy-
namic geometry. Examination of various flow convergence zones (n = 10) by
3DE indicated the absence of a perfect hemispheric geometry in all cases (in
contrast to the generally-held assumption of a hemisphere in the use of PISA
method). We conclude that 3DE has the potential to provide useful informa-
tion onflow abnormalities in patients, with important diagnostic and research
implications on the study of flow and flow quantitation.
Afterload Dependence of Mitral Regurgitant
Volume and Regurgitant Orifice Area by
Quantitative Doppler
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Curt G. DeGroff, Antonio M. Baptista, Takahiro Shiota, John Cable, Larissa Foster,
David J. Sahn. Oregon Hlth Sci Univ., Oregon Graduate Institute ofScience and
Technology, Portland. OR
The flow convergence (FC) method has yielded variable results for calcula-
tion of regurgitantflow(RF) rates in mitral regurgitation (MR) with a flail mitral
valve leaflet (FMVLI. Two effects have been postulated as causing errors in
FMVL geometry: 1) near the regurgitant orifice (RO) the direction of flow is
nearly 90° to the Doppler beam; and 2) left ventricular wall and MVL sur-
face constraints may cause distortion of the assumed hemispherical shape
of the FC region. For our finite element modeling study, we used a FMVL
model traced from actual echocardiographic images (Fig. A), and simulated
continuous flow with RO areas 0.25 and 1.0 cm2 at RF's of 2, 3, 4, 6, Umin.
The isovelocity data (Fig. BI was then adjusted to simulate the angle effects
of Doppler sampling from the apex yielding images similar to actual clinical
studies (Fig. CI. Near the FMVL, as simulated for color Doppler, velocities are
underestimated and near the septal leaflet, the isovelocity shells are elon-
gated in a direction towards the scanning origin. The experimental in vitro
model had a "smile-shaped" prolapse type orifice 30 mm2 in cross-sectional
area and was studied under pulsatile flow conditions over flow rates for
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7/14 (50%) Gr III pts showed: 3 mild mitral stenosis, 2 TVT and 2 AVT.
AVT was also found in Gr I (2) and Gr II (1). PAPS pts had high incidence of
embolic sources: 11 % Gr I, 2B% Gr II and 63% Gr III (chi square = 6,95,
p < 0.05). Conclusions: 1) Multiplane TEE is useful to detect significative
valvular abnormalities and embolic sources in PAPS pts. 2) High levels (> 100
U) of aCL-a are associated to MVT and embolic sources, indicative of high
thromboembolic risk. 3) Follow-up studies are necessary to attribute to high
aCL-a levels a predictive value in PAPS pts.
Differences in Pulmonary Vein inertance: An
Explanation for Why Pulmonary Venous Flow is
not the Same in Each Vein
Randall Y. Grimes, Ajit P. Yoganathan, Robert A. Levine. Georgia Institute of
Technology, Affanta, GA; Massachusetts General Hospital, Boston, MA
Doppler of pulmonary venous (PV) flow have revealed that peak systolic flow
velocity is often different in each of the four PVs, In patients with mitral re-
gurgitation (MR). such differences have been ascribed to different relations
between the MR jet and PVs. However, anatomic studies also suggest that
the effective length of each PV tree may be different, creating differences in
the inertia of PV blood that must be accelerated by driving pressure gradients
between lungs and LA, both normally and with MR. Such inertance. which
varies with PV length. is a major determinant of pulsatile flow velocity, sug-
gesting the hypothesis that differences in PV inertia may cause or contribute
Fibrin strands (FS) shown by transesophageal echocardiography (TEE) on
the left heart valves have been associated with an increased risk of stroke
and systemic embolism. However, some have argued that FS merely rep-
resent degenerative valve changes due to stress or aging. The prevalence
of FS in patients with structurally normal or abnormal hearts is unknown,
To determine the prevalence of FS, we reviewed multiplane TEE from 100
patients. Group 1 consisted of 50 consecutive patients referred with various
diagnoses for TEE (23 M, 27 W, ages 18 to 79, mean 50 y). Group 2 consisted
of another 50 consecutive patients in sinus rhythm with structurally normal
hearts at TEE (28 M, 22 F, ages 17 to 76, mean 42 y), In Group 1. 3 of 20
patients (15%) evaluated for cardiac source of embolism showed FS, while
2 of 30 patients (7%) evaluated for other reasons showed FS. FS were seen
on the mitral valve in 3 patients and on the aortic valve in 2 patients. Three
(3) of the 5 valves with FS were structurally normal, while 2 were thickened.
In Group 2 (patients with normal hearts by TEE), 9 of 27 patients (33%) evalu-
ated for cardiac source of embolism showed FS, while only 1 of 23 patients
(4%) evaluated for other reasons showed FS. FS were seen on the mitral
valve in nine patients, while 1 patient had both mitral and aortic valve FS. Of
47 patients in both groups with a history of systemic embolism, 12 (25%)
had FS. Of the remaining 53 patients referred for other reasons, 3 16%) had
FS. (p < 0.01)
Conclusion: FS are frequently found at TEE in patients with a history of
systemic embolism-even in structurally normal hearts. FS are an infrequent
TEE finding in the absence of such a history.
Cardiac Involvement and Anticardiolipin
Antibodies Levels in Primary Antiphospholipid
Syndrome: A Transesophageal Study
Maurizio luriel, Edoardo Rossi, Cristina Crema, Anna Frisinghelli,
Sabrina Muzzupappa, Mariapia Serrago. Int Med II, asp .L. Sacco·, Univ Milan, Italy
Myocardial involvement and valvular lesions are frequently observed in Pri-
mary Antiphospholipid Syndrome (pAPS). particularly in patients (pts) with
clinical manifestations (arterial andlor venous thrombosis or recurrent fe-
tal loss). To evaluate whether high anticardiolipin antibodies (aCL-a) levels
are able to produce severe cardiac involvement or embolic sources (spon-
taneous echocontrast, masses or vegetations). we studied 30 PAPS pts (3
M and 27 F; aged 37 ± 10 yrs) by means of multiplane transesophageal
echocardiography (TEE). compared with 20-matched controls (C), We ana-
lyzed systo-diastolic LV function; abnormal leaflet thickness was >3 mm for
mitral or tricuspid valve (MVT or TVT) and >2 mm for aortic (AVT). aCL-a mea-
sured using standard ELISA method were expressed in GPL U, (normal value
<15 U), Results: All PAPS pts presented normal systo-diastolic LV function.
We considered 3 groups (Gr) according to aCL-a levels: Gr I (low-positive, 15-
35 U). mean MVT 2.7 ± 0.5 mm; Gr II (moderate-positive, 35-100 U). mean
MVT 3.4 ± O.B mm; Gr III (high-positive, > 100 U). mean MVT 3.5 ± 0.9 mm,
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Multiplane transesophageal echocardiography (MTEE) facilitates circumfer-
ential imaging while biplane (Bi) TEE has only 2 imaging planes and requires
more probe manipulation. To assess the clinical utmlity of the 2 types of TEE
probes, we analyzed TEE's of 3,182 pts enrolled in the Y:alue Qf lEI (V.OTE.)
multicenter study (12 different institutions). Probe selection was noncon-
trolled, determined by operator preference, Following completion of a TEE,
questions were posed to the referring physician on the immediate value of
the TEE regarding changes in clinical management (MNGL'l.) or drug regimen
(RxM, decision to perform surgery (SURGL'l.) or cardiac cath (CATHM. Diag-
nostic indication categories included: aortic dissection (AoD), stroke (CVAI
or TIA, congenital heart disease (CHD) and native valve (NAT V) or prosthesis
(Prosth) dysfunction.
Multiplane TEE was used more frequently in AoD, CHD & NAT V pts.less in
CVAJrIA pts. The complication (CaMP) rate, mean pt age and M/F ratio were
similar for both probes. Thus, in this noncontrolled study, multiplane TEE
had a greater immediate impact on clinical management decisions regarding
possible surgery and cath than did biplane.
Clinical Topics in Transesophageal
Echocardiography
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regurgitant volume, supporting the use of regurgitant orifice area as a more
fundamental gauge of the severity of MR.
Jonathan Lindner, Alex Case, John Dent, Duong Nguyen, Gregory Kauffman,
Sanjiv Kaul. University of Virginia, ChariottesvJ1le, Virginia
Although both transthoracic (TIE) and transesophageal (TEE) echo can de-
tect vegetations in patients with bacterial endocarditis (BE), their incremental
value over the available clinical information has not been examined. Accord-
ingly, we performed a prospective study in 105 patients (59 men, 46 women,
age range of 16-88 yrs) with suspected BE in whom TIE had been requested.
Thirty-four of these patients had known valvular disease, 19 had prosthetic
valves, and 53 had other sources of infection. In addition to TIE, TEE was
also performed in all patients. Twelve patients (11 %) had technically inad-
equate TIE, Predefined clinical variables were used to classify the patients
into low, medium, or high probability of haVing BE on clinical grounds. TIE
and TEE studies were read separately without any clinical information and
the patients were again classified into low, medium, or high probability of
BE based on the echo findings alone. Also, of the 67 patients with low clin-
ical probability of BE, the majority (79% by TIE and 87% by TEE) were also
considered to have low probability by echo; only 6% were considered high
probability. In patients with medium clinical probability of BE, the majority
(83% by TTE and 100% by TEE) were reclassified based on echo findings.
In patients with high clinical probability of BE, a significant portion 163% by
TTE and 50% by TEE) were also reclassified based on echo findings. There
was concordance between TTE and TEE in 86% of cases. The greatest dif-
ference was noted when TIE showed medium probability of BE: 8 of these
10 studies (80%) were reclassified based on TEE.
We conclude that in patients with low clinical probability of BE, echo offers
no incremental value, In patients with medium to high clinical probability of
BE, echo offers incremental value. In addition, TEE is indicated in the diag-
nostic work-up only in patients with technically inadequate TTE studies and
in those who show medium probability of BE after TTE; these constitute
<10% of patients with suspected BE in whom echo is requested.
